The purpose of our study was to describe the types and frequencies of altered dental development in pediatric patients preparing for bone marrow transplantation (BMT). Retrospective review of the medical records and panoramic radiographs of all patients who underwent BMT at St Jude Children's Research Hospital between 1990 and 2000 for whom pre-BMT dental examination and panoramic radiography records were available. All patients were treated on institutional protocols. We recorded patient demographics and radiographic evidence of microdontia, hypodontia, taurodontia, root stunting, caries, enamel pearls, and pulpal calcifications. The 259 patients identified (150 male and 109 female) had a median age of 12.82 years (range, 3.18-25.93 years) at the time of BMT. In total, 203 were Caucasian, 38 were African-American, and 18 were of other races. In all, 150 (57.9%) had abnormal dentition. The most common dental abnormalities were caries (n ¼ 84), pulpal calcifications (n ¼ 34), and dental extractions (n ¼ 33). Developmental abnormalities occurred less frequently: taurodontia (n ¼ 8), hypodontia (n ¼ 10), microdontia (n ¼ 11), and root stunting (n ¼ 11). Dental abnormalities are prevalent in children undergoing BMT. Pre-transplant oral hygiene and dental examination should be standard care in order to minimize potential sites of infection.
As more children survive after bone marrow transplantation (BMT), due to advances in treatment, supportive care, and clinical application of research findings, studies of the long-term effects of therapy become important for the future health of survivors. BMT is increasingly used as therapy for children. [1] [2] [3] However, little information has been published about dental health of pediatric patients who will undergo BMT. Such pre-BMT abnormalities can complicate the post-transplant period and continue for the life of the patient.
Numerous studies have investigated the immediate effects of chemotherapy and/or radiation on the oral mucosa and other perioral soft tissues, [1] [2] [3] [4] [5] [6] [7] [8] [9] [10] [11] [12] but few have addressed late dental sequelae of cancer treatment received at an early age. Nasam, 13 Kaste et al [14] [15] [16] observed hypodontia, microdontia, enamel hypoplasia, root stunting, taurodontia, over-retention of primary teeth, and an increased caries index in survivors of childhood cancer. Impaired root development reduces the growth of alveolar bone, which adversely affects the subsequent vertical development of the mandible and the lower one-third of the face. 17 Other reported abnormalities include malocclusion, 18 narrowing of the pulp canal, 19 and decreased temporomandibular joint mobility. 20 The purpose of this study was to describe the types and frequencies of altered dental development in pediatric patients who are preparing for BMT.
Materials and methods
After approval by the St Jude Children's Research Hospital Institutional Review Board, the medical records and panoramic radiographs of all children who underwent BMT at St Jude between 1990 and 2000 and who had panoramic radiographs obtained before BMT were reviewed. All radiographs were evaluated by a pediatric dental resident (MV) with supervision of a practicing pediatric dentist (CR). All radiographically apparent microdontia, hypodontia, taurodontia, root stunting, enamel pearls, caries, dental restorations/extractions, and pulpal calcifications were recorded. Abnormalities of the third molar were excluded because of the high rate of thirdmolar hypodontia and microdontia in otherwise healthy populations. Abnormalities of the bony structures and the temporomandibular joint were not assessed.
Results were statistically analyzed according to the type of teeth examined: primary teeth, permanent teeth, and mixed teeth. If patients had multiple dental examinations before BMT, the information from the most recent examination was used. Fisher's exact test was used to compare the proportion of patients who had dental abnormalities. For patients who had mixed dentition at the time of dental examination, information was recorded only for abnormal teeth and not for the total number of primary teeth and adult teeth examined. Therefore, the results of analysis are exploratory and should be interpreted with caution. The many treatment regimens used for these patients precluded analysis of the relation of dental abnormalities to treatment regimens.
Results
In total, 259 (76%) of all patients (n ¼ 340) who underwent BMT during the study period underwent a dental examination with panoramic radiography prior to BMT. Their median age at the time of BMT was 12.8 years (range, 3.2-25.9 years). In all, 150 patients were male; 203 were Caucasian, 38 were African-American, and 18 were of other races ( Table 1 ). The most common primary diagnosis was leukemia (n ¼ 163; 63%). The remaining cases held diagnoses of solid tumor (n ¼ 37; 14%), lymphoma (n ¼ 26; 10%), anemias (n ¼ 22; 8%), brain tumor (n ¼ 9; 3%), retinoblastoma (n ¼ 1) and severe combined immunodeficiency (n ¼ 1). The median time between the pre-BMT panoramic radiograph and BMT was 29 days (range: 6-3027 days).
Before BMT, 150 (57.9%) of the 259 patients had abnormal dentition (Tables 1 and 2 ). Among patients who had primary dentition, 12 of 33 (36.4%) had dental abnormalities. For those with permanent or mixed dentition before BMT, these rates were 66.7% (92/138) and 52.3% (46/88), respectively. We found no difference in frequency of overall permanent dental abnormalities by gender (65.5 and 67.5% for female and male patients, respectively) and race (74/107 (69%) for Caucasians vs 16/23 (70%) for African-Americans).
The most common dental abnormality identified was caries (including extractions, pulpotomy, and root canal) seen in 133 (51%) patients, regardless of the stage of dental development (Table 3 ). This was followed by enamel pearls and enamel hypoplasia in 10 (11.4% each) of patients with mixed dentition,and pulpal calcifications in 29 (21%) of patients with permanent dentition. Dental developmental abnormalities comprising hypodontia, miscrodontia, taurodontia, and root stunting were less commonly seen in all ages (Table 3) .
Discussion
We found a significant increase in the frequency of caries that can serve as nidus for infection in immunocompromised patients. 6, 8, 9 Their increased frequency is likely multifactorial and resulting from poor oral hygiene, altered salivary pH and diet. Radiation of 1000 cGy or more may result in reduced salivary flow and a resultant altered pH balance in the oral cavity, causing a shift in oral flora and an increase in caries.
2,14 Only 10 of our patients had a diagnosis of head and neck tumors and thus, the effect of local irradiation should not have been a causative factor in this cohort as a whole. Dietary factors, such as a highcarbohydrate diet, and difficulty with oral hygiene because of mucositis may also contribute to the risk of caries.
14,21 A decrease in the elasticity of the perioral tissues has also been Table 1 Demographics and dental maturation of 259 patients who underwent dental radiography prior to BMT Many of the chemotherapy agents used to treat childhood malignancies disrupt tooth formation. [13] [14] [15] [16] 24, 25 The known long-term effects associated with chemotherapy include agenesis, microdontia, root stunting, enamel hypoplasia, and alteration of facial growth, taurodontia, over-retention of primary teeth, and an increased caries index in survivors of childhood cancer. [13] [14] [15] [16] Impaired root development decreases the growth of alveolar bone, thus impairing the vertical development of the mandible and the lower third of the face. 17 Other reported adverse sequelae include malocclusion, 18 narrowing of the pulp canal, 19 and reduced temporomandibular joint mobility. 20 Hypodontia is a common occurrence in the healthy population, with a reported incidence of 35%.
14 When third molars are excluded, hypodontia rates of 2.2-10.1% have been reported; the maxillary lateral incisor and mandibular second premolar are the teeth most commonly affected. [26] [27] [28] [29] Other dental abnormalities observed in this study often occur in the general population as a result of genetic inheritance or as part of a syndrome. The frequency of microdontia, taurodontia, and enamel pearls 30 differed little from the norms for a healthy population. Therefore, these four dental anomalies may not be treatment-related sequelae in the studied population.
The results of this study indicate that children who undergo BMT experience a wide range of dental abnormalities, which predate their BMT but the most common abnormality was dental decay. Although previous research has shown children to be at increased risk of caries, hypodontia, microdontia, taurodontia, and pulpal calcification after BMT, the results of this study suggest that many of these findings predate BMT. To minimize complications from infections and perioral inflammatory processes, we routinely evaluate all children approaching BMT and treat any existing dental problems such as caries and gingivitis. Our goal is to ensure an infection-free oral cavity before the start of BMT preparation. The regimens used while undergoing BMT vary based on patient need. Prior to and during BMT, routine dental care can include: prophylactic cleanings, placement of fluoride varnishes, daily fluoride toothpaste, and/or use of peridex mouth rinses. Patients are also instructed to change their oral habits of brushing and flossing when changes occur in blood counts. The patient is counseled in dietary habits to ensure good oral health and caries reduction.
The median age of our cohort at the time of BMT being in adolescence reflects a population primarily composed of patients who had or would soon have complete permanent dentition and who thus had already experienced the maximal insult to odontogenesis. Further increases in dental developmental abnormalities would therefore be unlikely. The patients' primary treatment can be implicated in the high frequency of dental abnormalities observed before BMT. This premise is supported by the high Table 2 Frequency of abnormalities in patients who had primary, mixed and permanent dentition prior to BMT Table 3 Frequency of specific abnormalities in patients who had primary, mixed, and permanent dentition prior to BMT (N ¼ patients) frequency of abnormalities seen in patients at our institution for whom pre-BMT examinations and panoramic radiography were available. Thus, dental repair prior to BMT provides the opportunity for minimizing infectious complications from caries during a time when the oral soft tissues should be healthier and prior to severe immunosuppression and neutropenia that accompanies BMT. We recommend routine dental evaluation for all patients preparing for BMT. Follow-up during the BMT period as clinically indicated can minimize sources of potential infection.
